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Stabilized polymeric organosilane compositions 



The present invention relates to stabilized 
polymeric organosilane compositions. 

A relatively recent development in the field of 
coatings and adhesives has been the 
development of a class of materials which we 
shall refer to as polymeric organosilanes. These 
materials comprise organic polymer backbones 
having hydrolytically-reactive silyl groups 
pendent from the backbones. These types of 
compounds can be conveniently produced by 
interpolymerizing ethylenically unsaturated 
organic monomers, e.g. ethyl acrylate, vinyl ace- 
tate and the like, with ethylenically-unsatu rated 
organosilane monomers having hydrolytically- 
reactive groups bonded to the silicon, e.g. vinyl- 
trimethoxysilane and y-methacryloxypropyl 
trimethoxysilane. Examples of such inter- 
polymerized organosilanes are found in United 
States Patents Nos 3,408,420; 3,306,800; 
3,542,585: 3,962,471; 3,062,242; and 
3,577,399. 

The polymeric organosilanes described above 
are useful as coating materials, or. In some 
instances, serve a function similar to that of a 
conventional coupling agent. In the latter case, 
the polymeric organosilanes are used in con- 
junction with conventional resinous coatings or 
adhesives to improve the compatibility and/or 
bonding between the resinous materials and 
inorganic oxide substrates or fillers. When the 
resinous material is a thermoplastic polymer 
containing essentially no chemically-reacth^e 
functionality, the polymeric organosilanes may 
provide adhesion promoting benefits which are 
superior to those provided by conventional 
monomeric organosilane coupling agents. This 
is due to the fact that conventional organo- 
silanes rely on the reactivity of their organo 
moiety with complementarily reactive groups in 
the resin matrix to provide bonding, whereas the 
polymeric organosilanes are believed to provide 
bonding to the resin matrix by non-reactive 
mechanisms such as through-molecular 
entanglement with the molecules of the resin 
matrix and, to some extent, through Van Der 
Waals forces. Thus they do not require that the 
resin matrix contain reactive functional groups. 

One of the major problems associated with 
the use of the polymeric organosilanes which 
has hindered their more widespread 
commercial use is their lack of shelf stability and 
potllfe; that is, their tendency to undergo 
unacceptable viscosity increase or gelation prior 
to use. This lack of shelf stability is due to cross- 
linking reactions which take place at the 
pendent silyl groups of the polymeric organo- 
silane molecules. 

United States Patent No. 4,043,953 
discloses a means of improving the stability, i.e. 
potiife. of a coating composition based on 
polymeric organosilanes which are produced by 
copolymerizing an acrylatosilane, methacrylato- 



sllane or vinyl silane with one or more vinyl- 
containing monomers, i.e. monomers containing 
the group 

CHi=C 

\ 

The coating compositions are stabilized against 
fo premature gelation by the addition thereto of 
from 0.5 to 1 5 percent based on the weight of 
the polymeric organosilane of a monomeric 
hydrolytically reactive silane of the formula 
XnSi(0R)(4_n, wherein X is an organic radical 
rs having from 1 to 12 carbon atoms, R can be 
methyl, ethyl, 2-methoxy methyl, 2-ethoxyethyl, 
or an acyl group containing 5 or less carbon 
atoms, and n is 0, 1, or 2. It is believed that the 
addition of the monomeric silane stabilizes the 
20 polymeric silane coating composition by 
reacting with trace amounts of moisture and 
thereby preventing the moisture from hydro- 
lyzmg and crosslinking the polymeric organo- 
silane. 

23 While the method disclosed in United States 

Patent No. 4,043,953 undoubtedly improves 
the stability of polymeric organosilanes, we 
have found that this method has certain limita- 
tions, especially when one desires to employ the 

30 polymeric organosilanes as adhesion promoter 
additives, rather than as coatings per se. For a 
number of reasons for viscosity stability require- 
ments are some-what more stringent when the 
polymeric organosilane is used as an adhesion 

35 promoter additive, rather than as a coating 
material. For example, when a copolymer of 
methyl methacrylate and gamma-methacryl- 
oxypropyltrimethoxysilane Is employed as a 
coating composition, the gamma-meth- 

40 acryloxypropyltrimethoxysilane typically com- 
prises about 5 to 10 weight percent of the 
copolymer. By contrast, when a copolymer of 
the same two monomers is to be employed as 
an adhesion promoter additive, the gamma- 

45 methacryloxypropyttrimethoxysitane typically 
comprises about 1 0 to 50 weight percent of the 
copolymer. Since only about one crosslink per 
5,000 to 10,000 molecular weight units can 
cause the polymeric organosilane to gel, the 

so relatively high silicon level which is desirable in 
polymeric organosilanes used as adhesion 
promoters increases the possibility of gelation 
by providing a relatively high number of sites for 
crosslinking. 

S5 When using a polymeric organosilane as a 

coating material, as disclosed in the 
aforementioned United States patent. No.. 
4,043,953, some viscosity increase is tolerable 
provided that the composition is fluid enough to 

60 t>e applied to a substrate. By contrast, ven 
relatively minor viscosity incr ases can Inhibit 
the effectiveness f the polymeric organosilane 
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when, for example, it is added to a thermo- 
plastic adhesive to improve adh sion to an in- 
organic oxide substrate. To be effective, the 
adhesion promoter must migrate through the 
resin matrix to the substrate/adhesive interface 
and this becomes increasingly difficult as the 
viscosity of the adhesion promoter is elevated. 

We have found that the addition of mono- 
meric hydrolytically reactive silanes as 
stabilizers is not a very effective means of 
stabilizing the viscosity of a polymeric organo- 
stlane when the polymeric organosilane is 
exposed to moisture levels of the order of 
several thousand parts per million. Merely 
increasing the amount of monomenc 
hydrolytically reactive organosilane pro- 
portionately to the amount of water does not 
provide highly effective stabilization at these 
levels of water. Moreover, we have found that 
the amounts of monomenc hydrolytically 
reactive organosilane which would be required, 
on a stoichiometric basis, to scavenge water at 
levels of several thousand parts per million may 
impair the effectiveness of the polymenc 
organosilane as an adhesion promoter. 

Since adhesion promoters are generaHy 
employed in small quantities, that is, of the 
order of a few weight percent of the resin to 
which they are added, they tend to be used 
rather slowly and may have to be stable over 
storage periods of several months. Moreover, 
they may be stored in containers which are 
frequently opened to remove small quantities 
and thus are highly susceptible to exposure to 
ambient moisture levels of the order of 
thousand of parts per million. « 

It is therefore, an object of this invention to 
provide a method of stabilizing a polymeric organo- 
silane against viscosity increase or gelation in 
the presence of water without employing exces- 
sive amounts of monomeric hydrolytically 
reactive silanes that would impair the effective- 
ness of the polymeric organosilane as an 
adhesion promoter. 

It is a further object of this invention to 
provide a highly stable polymeric organosilane 
composition, i.e. one which will not undergo 
gelation upon extended exposure to moisture 
levels of the order of several thousand parts per 

There Is provided in accordance with the 
teaching of this invention a highly stable 
polymeric organosilane composition 

comprising: 

(a) a polymeric organosilane; 

(b) a monomeric hydrolytically-reactiye com- 
pound consisting of either (i) a monomenc hydro- 
lytically-reactive organosilanes or (ii) a tnalKyi 
orthoformate; 

(c) an alkanol having 1 to 4 cartoon atoms. 
Both the monomeric hydrolytically-reactive 

compound and th alkanol, individually, had a 
viscosity-stabilizing effect when added t poly- 
meric organ silan s which w r subsequ ntly 
exposed to 2,000 p.p.m. of wat r. However, it 
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was totally unexpected that when both the 
monomeric hydrolytically-reactive compound 
and alkanol were admixed with the polymenc 
organosilane a synergistic effect was achieved 
whereby the stability of the polymeric organo- 
silane, measured as the time to gelation in the 
presence of 2,000 p.p.m. of water, far exceeded 
that obtained by the use of either the mono- 
meric hydrolytically-reactive compound or the 
alkanol as the sole stabilizer at similar concen- 
trations. . . 

The polymeric organosilane employed in tne 
compositions of this invention is a copolymer of: 
(1) at least one ethylenically-unsatu rated 
monomer containing at least one group of the 
formula 

/ \ 

^"t2) at least one ethylenically-unsaturated 
organosilane monomer of the formula 
RSiX„R',3_„, wherein R is a monovalent organic 
radical containing a vinyl group, R' is a mono- 
valent hydrocarbon radical containing up to lO 
carbon atoms and is preferably alkyi, and n is an 
integer from 1 to 3, preferably 3; and X Is a 
hydrolyzable group chosen from alkoxy of 1 to 4 
carbon atoms, alkoxyalkoxy containing up to 6 
carbon atoms, acyloxy of 2 to 4 carbon atoms, 
phenoxy, and oxime. Examples of ethylenically- 
unsaturated organosilane monomers are 
gamma-methacryloxypropyitrimethoxysilBne, vinyl 
triethoxysilane, and vinyl-tris(2-methoxy- 

ethoxy) silane. ^ ^, , 

As merely illustrative of suitable ethy- 
lenically-unsaturated organic monomers useful 
in producing the polymeric organosilane one 
can mention alkyI acrylates such as methy 
acrylate, ethyl acrylate, propyl acrylate, t)utyi 
acrylate, hexyl acrylate, 2-ethylhexyl acrylate, 
butyl methacrylate, 2-ethylhexyl methacrylate 
and lauryl methacrylate; vinyl aromatic hydro- 
carbons such as styrene, vinyl toluene and 
alpha-methyl styrene; vinyl halldes and 
vinylidene halides such as vinyl chloride and 
vinylidene chloride; conjugated dlenes such as 
butadiene and isoprene; and vinyl esters of 
saturated fatty acids having 1 to 1 2 carbon 
atoms such as vinyl acetate and vinyl pro- 

^^°The*ratio of ethylenically-unsaturated organic 
monomer to ethylenically-unsaturated organo- 
silane lies within the limits of from 0.5 to 25 
mole percent of the ethylenically-unsaturated 
organosilane and from 99.5 to 75 mole percent 
of the ethylenically-unsaturated organic 
monomer. When the polymeric organosilane is 
to be employed as an adhesion promoter 
additive; it is prefen-ed that the polymenc 
adhesi n promot r have polymerized therein 
from 5 to 20 m I percent of th ethylenically- 
66 unsaturated organ silane mon mer and from 
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95 to 80 moie percent of the ethylenically-un- 
saturated organic monomer 

The monomeric hydrolytically-reactive 
organosiianes which are useful as the 
monomeric hydrolyticaliy-reactive compound of 
this invention have the formula R"(4_^,SiXjj 
wherein X is a hydroiyzabie group, R" is a mono- 
valent organic radical of from 1 to 12 carbon 
atoms, which may or may not contain a 
functional organic group, and x is an integer 
having a value from 1 to 4, and is preferably 3 
or 4. The hydroiyzabie group represented by X 
can be any of those previously mentioned as 
hydroiyzabie groups in the ethylenlcally-un- 
saturated monomeric organosilane. Examples of 
suitable monomeric hydrolytically-reactive 
siianes are the following: 

Ethyltriethoxysiiane 

Aryitriethoxysilane 

Vinyltriethoxysilane 

Phenyltriethoxysilane 

Methyltriacetoxysilane 

Dimethyidiethoxysilane 

Methyltrimethoxysilane 

Methyltriethoxysilane 

Vinyl-tris (2-methoxyethoxy) silane 

Gamma-methacryloxypropyltrimethoxysilane 

Beta-(3«4-epoxycyclohexyl)ethyltrimethoxy- 
silane 

Gamma-mercaptopropyltrimethoxysilane 
Gamma-glycfdoxypropyltrimethoxysilane 
The trialkyl orthoformates which are useful 
as the monomeric hydrolytically-reactive 
compound used in this invention have the 
formula HClOR^'la wherein R"' in each 
occurrence is an alkyl group of 1 to 3 carbon 
atoms. 

In the Improved compositions of this 
invention, the monomeric hydrotyttcalty-reactlve 
compound is present at a concentration of from 
0.5 to 25 parts by weight preferably 5 to 20 
parts by weight per 1 00 parts by weight of poly- 
meric organosilane. The alkanol is present at a 
concentration of 2 to 50 parts by weight 
preferably 10 to 30 parts by weight per 100 
parts by weight of polymeric organosilane. 

The polymeric organosilane compositions of 
this inven^on are usually, though not neces- 
sarily, provided in the form of a solution of the 
composition in an organic solvent. Any known 
chemicallynnert organic solvent can be 
employed such as, for example, toluene, methyl 
ethyl ketone, acetone or tetrahydrofuran. As 
used here, the term "chemically-inert organic 
sohrent" excludes alcohols. The amount of 
solvent Is not critical In any way. 

Since the polymeric organosilane itself is 
frequently produced by solution polymerization 
techniques, the stabilized composition of this 
invention can be conveniently produced by ad- 
mixing with the polymerization reaction product 
in the solvent medium the monomeric hydro- 
lytically-reactive compound and alkanol in the 
aforementioned amounts. 

The stabilized polymeric organosilane com- 



positions of this invention can be employ d as 
coating mat rials or they can b employ d as 
adhesion promoter additives for resinous 
coatings or adhesives. When the compositions 

5 are employed as coating materials there can 
also be present in the compositions, in the usual 
known effective concentrations, such 
conventional additives as levelling agents, 
flatting agents, fillers, pigments, antioxidants, 

fo cure accelerating catalysts or flow control 
agents. 

The improved compositions of this invention 
may also be employed as adhesion promoter 
compositions to improve the adhesion of 
thermoplastic resinous materials to inorganic 
oxide surfaces. As used herein, the term 
"inorganic oxide surfaces" includes aluminum 
and steel because their surfaces are oxidized 
even though their subsurfaces are not. 
Generally, the inorganic oxide materials which 
can be beneficially employed in conjunction 
with the improved compositions of this 
invention are any inorganic solid materials 
possessing either oxygen (chemtsort>ed or 
covalently bonded) or hydroxy! (bonded or free) 
at its exposed surface. The Inorganic oxide 
material can be in any form, including particles 
of irregular or regular (e.g., spherical) shape, 
^ individual fibers, woven fiber mats or fabrics, of 
continuous surfaces such as sheets, slabs and 
formed shapes. Specific illustrations of suitably 
employed inorganic oxide surfaces are, for 
example, brass (with an oxidized surface), 
copper metal (oxidized at its surface), iron or 
steel (oxidized at its surface), alumina, 
aluminum trihydrate, siliceous materials such as 
fumed silica, hydrated silica (precipitated silica), 
silica aerogels, silica xerogels, aluminum 
silicates, calcium magnesium silicate, asbestos, 
glass fibers, clays, molecular sieves, Wallo- 
stonite, calcium carbonate, carbon black 
(including lamp black), titanium dioxide, calcium 
sulphate and magnesium sulfate. 

45 The resinous medium with which the 

adhesion promoter can be suitably employed 
includes essentially any plastics or resin, 
including rubber compounds, for example 
suitable thermoplastic polyesters (e.g. poly- 

60 ethylene terephthalate, polybutylene tere- 
phthalate), polycarbonates, polyethylenes, poly- 
butylenes, polystyrenes, styrene-butadiene 
copolymers, polypropylenes, ethylene propylene 
CO- and terpolymers, silicone resins and rubbers, 

55 SBR rubbers, nitrite rubbers, natural rubbers, 
homopotymers and copolymers of acrylates and 
methacrylates (e.g. methyl methacrylate, ethyl 
acrylate or 2-ethylhexyt acrylate). polyvinyl 
halides such as polyvinyl chloride, homo* 

60 polymers and copolymers of vinyl esters of fatty 
acids (e.g. polyvinyl acetate or polyvinyl 
butyrat ), thermoplastic polyurethanes, poly- 
sulfones, polysuifide rubbers, nitrocelluioses. 
cellulose acetate, cellulose acetate butyrate, 

65 viscose rayon nylons or ethylene copolymers. 
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(e.g. ethylene-vinyl acetate* ethylene acryHc 
acid or ethylene-acrytate). 

The adhesion promoter can be supplied 
directly to the surface of the Inorganic oxide 
material prior to contacting the inorganic oxide 
material with the resinous medium or the 
adhesion promoter can be blended into the 
resinous medium and the resinous medium 
thereafter brought into contact with the 
inorganic oxide surface. 

dainns 

1 . A stabilized polymeric organosilane com- 
position comprising: 

(A) a polymeric organosilane compound 
having copolymerized therein: 

(1 ) from 99.5 to 75 mole percent of an ethy- 
lenicaily unsaturated organic monomer 
and 

(2) from 0.5 to 25 mole percent of an 
ethylenically-unsaturated organosilane 
monomer of the formula RSIX„R'j3_„| 
wherein R Is a monovalent organic radical 
containing a vinyl group, fl' is a mono- 
valent hydrocarbon radical containing up 
to 10 carbon atoms, n Is an Integer from 1 
to 3, and X is a hydrolyzable group chosen 
from alkoxy containing from 1 to 4 carbon 
atoms, alkoxyalkoxy containing up to 6 
cartx)n atoms, acyloxy containing from 2 
to 4 carbon atoms, phenoxy, and oxime; 

(B) from 0.5 to 25 parts by weight, per 100 
parte by weight of the polymeric organosltane 
compound, of either (a) a monomeric hydro- 
lyticaliy-reactive organosilane of the formula 
^"{4-%) SiX. wherein X is a hydrotyzable group as 
previously defined, R'' Is a monovalent organic 
radical containing from 1 to 12 carbon atoms, 
and X is an integer from 1 to 4 or b) a trialkyi 
orthoformate of the formula HC(0R'")3 wherein 
R"' in each occurrence is an alkyl group of 1 to 3 
carbon atoms; and 

(C) from 2 to 50 parts by vtwlght per 100 
parts by weight of the polymeric organosilane, 
of an alkanol having from 1 to 4 carbon atoms. 

2. A composition as claimed in claim 1 
wherein component (B) is present at a concen- 
tration of from 5 to 20 parts by weight and 
component (C) is present at a concentration of 
10 to 30 parts by weight, per 100 parts by 
weight of the polymeric organoailana. 

3. A composition as daimad in claim 1 or 
claim 2 wherein the polymeric organosilane is a 
copolymer of methyl methacrylate and gamma- 
methacryloxypropyltrimethoxysllane. 

4. A composition as claimed in any one of the 
preceding claims wherein the composition is in 
the form of a solution in chemically-inert 
organic solvent. 

Ravandicationa 

1. Composition stabiiis6e d'organopoly- 
siloxane, comprenant: 



(A) un organopolyslloxane dans lequel s nt 
incorpor^s par copolym^Hsatlon: 

(1) 99,5 d 75 moles pour cent d'un mono- 
mdre organique d non saturation dthy- 

5 Idnique et 

(2) 0,5 d 25 motes pour cent d'un organo* 
silane monomdre d non saturation 6thy* 
Idnique de formule RSIX„R'(3.n, dans 
laquelle R est un radical organique mono- 

10 vaient contenant un groupe vinyle, R' eat 

un radical hydrocarbon^ monovalent con- 
tenant jusqu'd 1 0 atomes de carbone, n 
est un nombre entier de 1 d 3, et X est un 
groupe hydrolysable choisi entre des 

IS groupes alkoxy contenant 1 d 4 atomes 

de carbone, des groupes alkoxyalkoxy 
contenant Jusqu'd 6 atomes de carbone, 
des groupes acyloxy contenant de 2 d 4 
atomes de cartione, ie groupe ph6noxy et 

20 un groupe oxime; 

(B) 0,5 d 25 parties en poids, pour 100 
parties en poids de I'organopolysiloxane, (a) 
d'un organosilane monom6rique d r^ection 
hydrolytique de formule R''(4-K)SiX, dans 

28 laquelle X est un groupe hydrolysable tel que 
d6fini ci-dessus, R" est un radical organique 
monovalent contenant 1 d 12 atomes de car- 
bone et X est un nombre entier de 1 d 4; ou (b) 
un orthoformlate de trialkyle de formule 

30 HCfOR^Ms dans laquelle R''' est dans cheque cas 
un groupe atkyle ayant 1 d 3 atomes de car- 
bone; 

(C) 2 d 50 parties en poids, pour 100 parties 
en poids de rorganopolyslloxana, d'un alcanol 

3S ayant de 1 d 4 atomea da carbone. 

2. Composition suivant la revendlcation 1, 
dans laquelle le composant (B) est present d una 
concentration de 5 d 20 parties en poids et le 
composant (C) est present d une concentration 

40 de 1 0 d 30 parties en poids, pour 1 00 parties en 
poids de t'organopolysiloxane. 

3. Composition suivant la revendlcation 1 ou 
suivant la revendlcation 2, dans laquelle 
rorganopolysiloxane est un copolym^ra de 

45 methacrylate de m6thyle et da gammaHm^tha- 
cryloxypropyltrimdthoxysliane. 

4. Composition suivant Tune quelconque des 
revendications prdc6dentes, qui est sous la 
forme d'une solution dans un solvent organique 

50 chimiquement inerte. 

PatantanaprOeha 

1. Stabillsiertes polymeres Organosllan ent- 
55 haltende Masse aus 

(A) elnem polymeren Organosllan, herge- 
stellt durch Copolymerisleren von 

(1) 99,5 bis 75 mol.-% elnes ethyienlsch 
ungesfittigten Monomeren und 
50 (2) 0,5 bis 25 mol.-96 elnes ethyienlsch unge- 

sittigten Organosllans der allgemeinen 
Formel RSiXi,R'i3^)* worin R eine ein- 
wertige eine VInylgruppe entheltende 
organische Gruppe, R' eine einwertige 
55 Kohlenwasserstoffgruppe mit bis zu 1 0 C- 
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Atomen, n ine garue Zahi von 1 bis 3 
und X sine hydrolisierbare Gruppe in Form 
einer Alkoxygruppe enthattend 1 bis 4 C- 
Atome. einer Ailcoxyalkoxygruppe ent> 
haltend bis zu 6 C-Atome, einer Acyloxy* 
gruppe enthaitend 2 bis 4 C-Atome, einer 
Phenoxy- oder Oximgruppe ist; 
(B) 0,5 bis 25 Gew.-Tetle — bezogen auf 100 
Gew.-Teite polynfYeres Organosilan — von 

(a) einem monomeren hydrolytisch realctiven 
Organosilan der allgemeinen Formei 
R*(4.x)SiXx, worin X obige hydrolysierbare 
Gruppe, R" eine einwertige organische 
Gruppe enthattend 1 bis 1 2 C-Atome und 
X eine ganze Zahl von 1 bis 4 1st, oder 

(b) einem Triaikylorthioformiat der all- 
gemeinen Formal HCCOR*'),, worin R*' 
Jewells eine Alkylgruppe mit 1 bis 3 C- 
Atomen lat, und 



(C) 2 bis 50 Gew.-Teile-^uf 1 00 Gew.-Teile 
polymeres Organosilan — eines Alkohols mit 1 
bis 4 C-Atomen. 

2. Masse nach Anspruch 1 , dadurch gekenn- 
^ zeichnet, da& die Komponente (B) in einer 

Konzentration von 5 bis 20 Gew.-Teilen und die 
Komponente (C) in einer Konzentration von 10 
bis 30 Gew.-Teiien auf 100 Gew.-Telle poly- 
meres Organosilan enthalten sind. 
to « 

3. Masse nach Anspruch 1 oder 2, dadurch 
gekennzeichnet dad das polymere Organosilan 
ein Copolymer von Methylmethacryiat und y- 
Methacrytoxypropyitrimethoxysilan 1st. 

;5 4. Masse nach Anspruch 1 bis 3, dadurch 

gekennzeichnet, da& die Masse in Form einer 
Ldsung in einem chemisch inerten organiachen 
Losungsmtttel vorliegt. 
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